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ABSTRACT 

The "Pick a Day" s tudy  is a coord ina ted  
a n a l y s i s  of  t ime-varying behavior  for  Skylab sys tems 
dur ing  a r e p r e s e n t a t i v e  m i s s i o n  day. I n t e g r a t e d  
t i m e l i n e s  of  on-board a c t i v i t i e s  f o r  t h a t  s tudy  are 
developed t o  s e r v e  as a common basis f o r  subsystems 
ana lyses .  

T h e  s e l e c t i o n  of a mis s ion  day f o r  s t u d y ,  t h e  
c h o i c e  of i n - f l i g h t  crew a c t i v i t i e s ,  t h e  d e f i n i t i o n  
of schedul ing  ground r u l e s ,  and t h e  s y n t h e s i s  of  c r e w  
t i m e l i n e s  are d i s c u s s e d  i n  d e t a i l .  T h e  n i n t h  day of 
t h e  SL-l/SL-2 manned mission w a s  s e l e c t e d  f o r  s tudy .  
I n - f l i g h t  experiments  w e r e  chosen t o  i l l u s t r a t e  a 
wide v a r i e t y  of a c t i v i t i e s ;  s e l e c t e d  exper iments  
i n c l u d e  t h o s e  t h a t  r e q u i r e  d a i l y  c r e w  p a r t i c i p a t i o n ,  
have large programmatic importance,  o r  i l l u s t r a t e  
s i g n i f i c a n t  t y p e s  o f  exper iment / spacecraf t  i n t e r a c t i o n s .  
The p a t t e r n  of  d a i l y  personal-maintenance a c t i v i t i e s  
e s t a b l i s h e d  f o r  t h e  c r e w  by c u r r e n t  NASA f l i g h t  p lanning  
ground r u l e s  i s  followed. All experiments  shown i n  t h e  
t i m e l i n e s  f o r  t h i s  s tudy  have been scheduled i n  accor- 
dance wi th  requi rements  and c o n s t r a i n t s  d e s c r i b e d  i n  
companion memoranda. 

D e t a i l e d  schedul ing  of  early-morning c r e w  
ac t iv i t ies  i n  t h e  Workshop's Waste Management Compart- 
ment i n d i c a t e s  t h e  crowded c o n d i t i o n s  t h a t  w i l l  
o c c a s i o n a l l y  p r e v a i l  t h e r e :  s imultaneous two-man o r  
three-man occupancy will be r e q u i r e d  a t  times d u r i n g  
a c t u a l  mi s s ions  t o  maximize t h e  time a v a i l a b l e  f o r  other  
a s s i g n e d  c r e w  tasks dur ing  the remainder  of  each day. 

(NASA -CB- 1 13952) 1:HTEGRATED FLICHT-CREW 
T I H E L I N E S  F O R  THE * P I C K  A DAY' STUDY 
(Bellcomw, Inc.) 11  F 
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SUBJECT: I n t e g r a t e d  Flight-Crew 
Timelines  f o r  t h e  "Pick a 
Day" Study - Case 610 

MEMORANDUM FOR FILE 

1 . 0  I n t r o d u c t i o n  

DATE: September 3 0 ,  1970  

FROM: D. J. B e l z  

F l i g h t  p l a n s  f o r  Skylab mis s ions  i m p l i c i t l y  
d e f i n e  duty  c y c l e s  f o r  e l e c t r i c a l ,  t he rma l ,  a t t i t u d e  
c o n t r o l ,  and o t h e r  s p a c e c r a f t  systems. T o  i n s u r e  t h a t  
planned o p e r a t i o n s  do n o t  exceed equipment performance 
l i m i t s ,  systems behavior  m u s t  b e  a c c u r a t e l y  s imula ted  
p r i o r  t o  f l i g h t .  A coord ina ted  a n a l y s i s  of major space- 
c r a f t  subsystems i s  be ing  performed by MLS a s  p a r t  of 
an exercise in fo rma l ly  known as t h e  "Pick a Day" s tudy .  
The purpose of t h a t  s tudy  i s  t o  apply  t o  a s i n g l e  24- 
hour  p e r i o d  of  s p a c e c r a f t  o p e r a t i o n s  t h e  a n a l y t i c a l  
t echn iques  and models t h a t  can l a t e r  be a p p l i e d  t o  
e n t i r e  mis s ions .  

S ince  d e f i n i t i v e  Skylab f l i g h t  p l a n s  do n o t  
y e t  e x i s t ,  a h y p o t h e t i c a l  sequence of  on-board a c t i v i t i e s  
was gene ra t ed  t o  provide  a common t i m e l i n e  f o r  u se  
throughout  t h e  "Pick a Day" s tudy .  T h i s  memorandum 
d e s c r i b e s  t h a t  t i m e l i n e  and t h e  r a t i o n a l e  under ly ing  
i t s  c o n s t r u c t i o n .  

2.0 S e l e c t i o n  of  a Represen ta t ive  Mission Day 

N o  t w o  Skylab miss ion  days  w i l l  be  i d e n t i c a l  
i n  a l l  d e t a i l s  of c r e w  and equipment t i m e l i n e s .  For  t h e  
purposes  of t h i s  s t u d y ,  a " r e p r e s e n t a t i v e "  day i s  
cons ide red  t o  be a 24-hour p e r i o d  t h a t  i l l u s t r a t e s  a 
wide v a r i e t y  of on-board a c t i v i t i e s  r e p r e s e n t i n g  a 
s u b s t a n t i a l  f r a c t i o n  of t h e  t y p e s  of o p e r a t i o n s  t h a t  
will occur  du r ing  a c t u a l  miss ions .  

I n  s e l e c t i n g  a day f o r  s t u d y ,  a t t e n t i o n  w a s  
r e s t r i c t e d  t o  t h e  SL-l/SL-2 miss ion  s i n c e  o p p o r t u n i t i e s  
for  so la r ,  s te l la r ,  and terrestrial  obse rva t ions  can be 
p r e d i c t e d  wi th  g r e a t e r  accuracy for  t h a t  f l i g h t  t han  
for  e i t h e r  of t h e  r e v i s i t  miss ions .  I n  a d d i t i o n ,  p r e s e n t  
NASA f l i g h t  ass ignments  of  experiments  w i l l  r e s u l t  i n  
a g r e a t e r  v a r i e t y  of experiment a c t i v i t i e s  on SL-l/SL-2 
t h a n  on e i t h e r  of t h e  remaining mis s ions  (Reference 2 . 1 ) .  
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For purposes  of t h e  " P i c k  a Day" s t u d y ,  i t  has 
been assumed t h a t  SL-1 w i l l  be launched a t  3:OO P. M. EST 
on J u l y  1 9 ,  1 9 7 2  and t h a t  SL-2 w i l l  l i f t  o f f  on t h e  
fo l lowing  day a t  %2:35 P .  M. EST.* T h e  day selected fo r  
t h i s  s tudy  w a s  J u l y  2 9 ,  1972, which cor responds  t o  the 
n i n t h  day of t h e  manned miss ion  ( J u l y  20 5 Day z e r o ) ;  
Day Nine w a s  chosen a r b i t r a r i l y  from among t h e  twenty 
miss ion  days t h a t  w i l l  be devoted p r i m a r i l y  t o  t h e  performance 

' of experiments .  The remaining days of the f l i g h t  w i l l  b e  
occupied l a r g e l y  by a c t i v i t i e s  a s s o c i a t e d  wi th :  Workshop 
a c t i v a t i o n  (Days 0 ,  1); Workshop d e a c t i v a t i o n  (Days 27,  282; 
EVA (Days 1 7 ,  2 6 ) ;  and c r e w  r e c r e a t i o n  (Days 7 ,  1 4 ,  2 1 ) .  

Although selected a r b i t r a r i l y ,  Day Nine i s  
s u f f i c i e n t l y  l a t e  i n  t h e  mission t o  i n s u r e  t h a t  ATM 
experiments  w i l l  have been p rev ious ly  a c t i v a t e d  even 
i f  s e v e r a l  days of observ ing  t h e  o p t i c a l  contaminat ion 
environment sur rounding  t h e  s p a c e c r a f t  are r e q u i r e d  p r i o r  
t o  opening t h e  ATM a p e r t u r e  doors.** 

3.0 I n - f l i g h t  Experiment A c t i v i t i e s  

Experiments s e l e c t e d  f o r  i n c l u s i o n  i n  the 
" P i c k  a Day" s tudy  w e r e  chosen t o  i l l u s t r a t e  t a s k s  t h a t  
r e q u i r e  d a i l y  f l i g h t - c r e w  p a r t i c i p a t i o n ,  have l a r g e  
programmatic importance,  o r  i l l u s t r a t e  s i g n i f i c a n t  t y p e s  
of expe r imen t / spacec ra f t  i n t e r a c t i o n s .  

Experiments i n  the  f irst  ca t egory  - those t h a t  
r e q u i r e  f l i gh t - c rew p a r t i c i p a t i o n  a t  l ea s t  once a day - 
must n e c e s s a r i l y  be inc luded  i n  any t y p i c a l  miss ion  work 
day s e l e c t e d  fo r  s tudy .  Based on f l i g h t  ass ignments  a t  
t h i s  w r i t i n g ,  those experiments are: 

M071 - Mineral Balance 
M073 - Bioassay of Body F l u i d s  
M074 - Specimen Mass Measurement 
M151 - T i m e  and Motion Study 
M172 - Body Mass Measurement 
SO15 - Zero-G S i n g l e  Human C e l l s  
TO03 - I n - f l i g h t  Aerosol  A n a l y s i s  

*As a r e s u l t  of recent changes i n  Apollo and Skylab 
f l i g h t  s chedu les ,  SL-1 is c u r r e n t l y  b a s e l i n e d  t o  be  launched 
on a d a t e  i n  November 1972.  

**Experiments TO25 - Coronagraph Contamfnatf.on Measure- 
ment" and TO27 - ATM Contamination Measurement. 
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The major g o a l s  of  t h e  Skylab experiment  program 
are t o  i n v e s t i g a t e  t h e  crew's p h y s i o l o g i c a l  response  t o  long- 
term space  f l i g h t ,  t o  perform so lar  a s t ronomica l  o b s e r v a t i o n s  
wi th  t h e  ATM, and t o  perform terrestr ia l  o b s e r v a t i o n s  w i t h  
t h e  E a r t h  Resources Experiment Package (EREP).  While t h e  
r e l a t i v e  emphasis among t h e s e  g o a l s  w i l l  vary  from miss ion  
t o  mis s ion ,  a c t i v i t i e s  a s s o c i a t e d  wi th  each w i l l  be  c a r r i e d  
o u t  on a l l  miss ions .  

ATM experiments  a r e  t o  a s i g n i f i c a n t  degree  ope ra t ed  
concur ren t ly ;  t h e  s e l e c t i o n  of o p e r a t i n g  modes f o r  t h e  "Pick 
a Day" s tudy  i s  d i s c u s s e d  i n  Reference 3.1. P o r t i o n s  of  a l l  
ATM experiments  have been included:  

SO52 - White L igh t  Coronagraph 
SO54 - X-ray Spec t rographic  Telescope 
SO55 - UV Scanning Polychromator/ 

SO56 - X-ray Telescope 
SO82 - W Spectrograph/Heliograph. 

Spect rohe l iometer  

EREP experiments  w i l l  a l s o  be l a r g e l y  ope ra t ed  
c o n c u r r e n t l y  wi th  one another .  
it is  assumed t h a t  a l l  such  experiments  may 
d u r i n g  EREP passes  over t h e  USA. 

For t h e  purposes  of t h i s  s tudy ,  
be i n  o p e r a t i o n  

Unlike ATM and EREP, medical  experiments  cannot  a l l  
be  r e p r e s e n t e d  o r  scheduled on a s i n g l e  day. The most 
f r e q u e n t l y  performed medical  experiment ,  a f t e r  t h o s e  a l r e a d y  
l i s t e d  above, i s  M093 - Vectorcardiogram, one performance of 
which i s  inc luded  i n  t h e  r e p r e s e n t a t i v e  mis s ion  day. 

I n  a d d i t i o n  t o  t h e  experiments  l i s t e d  above, p o r t i o n s  
of t h r e e  o t h e r s  have been included t o  i l l u s t r a t e  o t h e r  experiment/  
s p a c e c r a f t  i n t e r a c t i o n s :  

M509 - Astronaut  Maneuvering Equipment 
TO25 - Coronagraph Contamination Measurement 

SO19 - UV S t e l l a r  Astronomy 
(Sunside S c i e n t i f i c  A i r lock  Opera t ions)  

( S t e l l a r  Ta rge t ing )  

Scheduling requirements  and c o n s t r a i n t s  f o r  each  of  
t h e  above experiments  are desc r ibed  i n  companion memoranda 
(References  3.1 - 3.12) .  

4.0 Schedul ing Ground Rules and Assumptions 

The b a s i c  p a t t e r n  of f l i gh t - c rew pe r sona l  maintenance 
a c t i v i t i e s  such as e a t i n g ,  s l e e p i n g ,  and p e r s o n a l  hygiene a r e  
p r e s e n t l y  d e f i n e d  by NASA schedul ing ground r u l e s  publrshea in 
Reference  4 .1 .  
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T h i s  s e c t i o n  summarizes t h e  ground r u l e s  p e r t i n e n t  t o  the 
p r e s e n t  s tudy:  

1. 

2. 

3 .  

4 .  

Of f -duty  

The pe r iod  of t h e  crew's  scheduled c y c l e  
of waking and s l eep ing  sha l l  be 2 4  hours .  

B r e a k f a s t ,  d i n n e r ,  and s l e e p  p e r i o d s  fo r  
each crewman s h a l l  be scheduled concur- 
r e n t l y  wi th  t h o s e  of t h e  o t h e r  c r e w  m e m b e r s .  

Pe r sona l  hygiene pe r iods  sha l l  be 
scheduled immediately b e f o r e  and a f te r  
s l e e p  pe r iods .  

On workdays, off-duty p e r i o d s  and miss ion  
p lanning  s e s s i o n s  sha l l  be scheduled 
a f te r  d inne r .  

p e r i o d s  c o n s t i t u t e  free t i m e  f o r  c r e w  rest and 
recreation. 
t h e  fo l lowing  d a y ' s  scheduled a c t i v i t i e s  and t o  p r e p a r e  
equipment fo r  use  t h e  nex t  day. I n  a d d i t i o n  t o  t h e  above 
a c t i v i t i e s ,  systems housekeeping p e r i o d s  w i l l  be scheduled 
d a i l y  t o  pe rmi t  monitor ing and maintenance of o p e r a t i o n a l  
and experiment  systems. 

Mission planning p e r i o d s  are provided t o  review 

Nominal d u r a t i o n s  ass igned  t o  t h e  preceding  
a c t i v i t i e s  are as follows (Reference 4 . 1 )  : 

A c t i v i t y  

S l e e p  
Meals 
Pe r sona l  Hygiene 
Systems Housekeeping 
Mission Planning 
Of f-duty 

Durat ion 
(Hours/man/day ) 

8 

3 

1 . 5  
1 .5  (Average) 
1 . 0  

1 . 0  

B a s e l i n e  Skylab o p e r a t i o n s  p r e s e n t l y  i n c l u d e  a requirement  
t o  man t h e  ATM Cont ro l  and Display console  1 0  hours  p e r  day,  
s i x  days p e r  week. That requirement  w i l l  be s a t i s f i e d  i n  
o p e r a t i o n a l  p l a n s  by a s s ign ing  a man t o  the console  throughout  
t h e  working day, by a s s ign ing  each crewman t o  the console  
f o r  up t o  two hours  a f t e r  d inne r  eve ry  t h i r d  working day, and 
by s t a g g e r i n g  lunch p e r i o d s  o r  schedul ing  one man t o  ea t  
lunch  a t  t h e  console .  The 1 0  hours/day ATM requirement  is, 
however, ignored  i n  t h e  "Pick a Day" s t u d y  i n  o r d e r  t o  i n c l u d e  
a l a r g e r  v a r i e t y  of experiment a c t i v i t i e s  w i t h i n  t h e  perfod 
under  s tudy .  
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5.0 Ephemeris Data 

Scheduling opportunities for several Skylab 
experiments are dependent on time and the location of the 
spacecraft in orbit. ATM and TO25 solar observations 
obviously require a clear line-of-sight between the Orbital 
Assembly and the sun. EREP observations can be scheduled 
only when the spacecraft is over designated target regions 
under appropriate natural lighting conditions. Experiment 
SO19 - "UV Stellar Astronomy" must be scheduled when the 
vehicle lies within the earth's shadow. 

A variety of ephemeris data for the "Pick a Day" 
study is reported in Reference 5.1; values of time-varying 
parameters used in scheduling experiments are displayed 
graphically in Figure 2. 

6.0 Integrated Crew Timeline for the "Pick a Day" Study 

In this section experiment requirements, scheduling 
ground rules and ephemeris-related experiment opportunities 
are combined into a set of integrated crew timelines for the 
"Pick a Day" study. The timelines shown below represent the 
latest in a series of iteratively developed crew and activity 
schedules for Day 9. 

6.1 Subscheduling of Experiments M071/M073/M074/M172 

Schedulable portions of Experiments M071/M073/ 
M074/M172 are related to meals and personal hygiene periods 
but, from a timeline viewpoint, are otherwise relatively 
independent of other experiments. It is therefore possible 
to develop a subschedule relating performances of the "meal 
time" medical experiments to one another before considering 
an entire day's activities. Scheduling requirements to be 
met are as follows: 

Experiments Scheduling Requirements 

M071/M073* A .  Measure mass of unconsumed food 
and record food/water consumption in 
log book at the end of each meal 
(5 minutes/man/meal) 

B. Change fecal bags, measure mass of 
feces, dry feces; log mass, time, and 
identification on each bag (20 minutes/ 
man/day plus duration of defecation 
periods charged to personal hygiene time) 

~ ~ ~~~~ 

*Reference 3.2. 
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M074* 

M172** 
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Scheduling Requirements 

C.  Measure u r i n e  volume, e x t r a c t  samples ,  
r e p l a c e  c o l l e c t i o n  bag, p l a c e  samples 
under r e f r i g e r a t i o n  (20  minutes/man/day 
scheduled immediately a f t e r  f i r s t  u r i n e  
void  fo l lowing  scheduled s l e e p  p e r i o d ] .  

Included above under p a r t s  A and B of 
M071/M073 schedul ing  requi rements .  

Determine body mass of  each crewman fo l lowing  
t h e  f i r s t  u r i n e  void  a f t e r  each scheduled s l e e p  
pe r iod .  
ment dev ice  r e q u i r e s  two minutes  of one man's 
t i m e ;  stowage of t h e  dev ice  r e q u i r e s  one minute  
of one man ' s  t i m e .  Measurement p e r i o d s  are 
f i v e  minutes  i n  d u r a t i o n  for  each man. 

P repa ra t ion  of the body m a s s  measure- 

T h e  preceding  requi rements  are s a t i s f i ed  by t h e  subschedule  
t i m e l i n e s  shown i n  F igu re  1. 

D e t a i l e d  schedul ing  of early-morning c r e w  a c t i v i t i e s  
i n  t h e  Workshop's Waste Management Compartment i n d i c a t e s  t h e  
crowded c o n d i t i o n s  t h a t  w i l l  o c c a s i o n a l l y  p r e v a i l  t h e r e :  
s imul taneous  two-man o r  three-man occupancy w i l l  be r e q u i r e d  
a t  t i m e s  du r ing  a c t u a l  miss ions  t o  maximize t h e  time a v a i l a b l e  
f o r  o t h e r  a s s igned  c r e w  tasks du r ing  the  remainder of each day. 

6 . 2  O v e r a l l  T imel ines  for Dav 9 

I n t e g r a t e d  C r e w  Timelines  fo r  t h e  " P i c k  a Day" s tudy  
are shown i n  F i g u r e  2. t  For each a c t i v i t y ,  t h e  fo l lowing  
in fo rma t ion  i s  g iven:  (a)  crewman o r  crewmen invo lved ,  
(b )  c r e w  l o c a t i o n ,  and (c) t a s k  s t a r t / s t o p  t i m e s .  

Scheduled s l e e p  pe r iods  f o r  a l l  crewmen are i n i t i a t e d  
a t  midnight  E a s t e r n  S tandard  T i m e .  E a r l y  morning a c t i v i t i e s ,  
l unch ,  and evening a c t i v i t i e s  have been t i m e l i n e d  i n  accordance 
w i t h  the  schedu l ing  ground r u l e s  and subschedules  desc r ibed  
above. However, miss ion  planning p e r i o d s ,  as shown, d e p a r t  
somewhat from t h e  nominal d u r a t i o n  of one hour/man/day, the 
scheduled  v a l u e s  be ing  55 minutes f o r  Crewman A, 56 minutes  
f o r  Crewman B ,  and 45 minutes  f o r  Crewman C.  These reduced 
mis s ion  p lanning  p e r i o d s  were used i n  o r d e r  t o  accommodate 
more experiments  i n  t h e  o v e r a l l  t i m e l i n e  than  would otherwise 
have been p o s s i b l e .  

*Reference 3 . 3 .  

*+Reference 3.6. 

t A d d i t i o n a l  de ta i l s  are shown i n  F igu re  1. 
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All experiments have been scheduled without 
violating any of the requirements or constraints described 
in References 3.1 - 3.12. 
7.0 Summary 

Integrated crew timelines for the "Pick a Day" 
study have been developed to serve as a common basis for 
analyses of the time-varying behavior of Skylab spacecraft 
and ground systems. The ninth day of the SL-l/SL-2 manned 
mission was selected for study. In-flight experiments 
represented during that day include those that require daily 
crew participation, have large programmatic importance, or 
illustrate significant types of experiment/spacecraft inter- 
actions. 

Detailed scheduling of early-morning crew 
activities in the Workshop's Waste Management Compartment 
indicates the crowded conditions that vi11 occasionally 
prevail there: simultaneous two-man or three-man occupancy 
will be required at times during actual missions to maximize 
the time available for other assigned crew tasks during the 
remainder of each day. 

102 5-DJB-li 
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